TRANSCEIVER UNIT WITH INTERFERENCE- REDUCING ANTENNA 



DESCRIPTION 

[0001] This invention relates to a transceiver unit which is 
particularly suitable for non contact level measuring 
applications, comprised of a transmitter for generating a 
signal, an acquisition antenna for emitting the signal in an 
acquisition volume and for picking up an effective echo signal 
reflected by the acquisition volume, as well as a receiver for 
evaluating an echo signal supplied by the acquisition antenna. 
[0002] These types of transceiver units are used in measuring 
systems for various applications in which the signal received 
by the acquisition antenna is evaluated for indications 
concerning the existence, nonexistence, local distribution, or 
nature of objects to be acquired in the acquisition volume. 

[0003] One example of this type of system is a level radar, in 
which one radio wave in a container is emitted, and an echo 
reflected from the container is evaluated to obtain information 
concerning the substance level in the container. 

[0004] When evaluating this type of echo signal, the problem 
arises that, as a rule, said signal is composed not only of the 
portions of the intended target object; or objects. Their 
portions, hereinafter referred to as effective echo signals, in 
most cases superimpose an unwanted echo signal, which may 
originate from various sources. One source of unwanted echo 
signals are reflections within the antenna itself, which is 
especially noticeable when there is a short distance between the 
acquisition antenna and the target object. These types of 
reflections occur throughout the antenna where wave guide 
sections with varying characteristic impedances are adjacent to 
each other. In principle, the primary echo of such a mismatching 
point in the echo signal can be suppressed by gating, because it 
is received earlier than each real echo reflected by the target 
object as a result of the short path of the receiver. However, 
because the echo of such a mismatching point is exclusively 
transmitted over a wave guide and thus is subjected to a very 
low distance-dependent attenuation, whereas the intensity of the 
effective echo signal decreases with the square of the length of 
the traveling path, multiple reflections of such "antenna echo" 
may also seriously impede the evaluation of the effective signal 
for small measuring distances. 

Das Burger-Patent (=US 5, 659, 321) beschreibt ein 
Fiillstandradarsystem, das auf einem herkommlichen Konzept zur 
Ausgestaltung eines solchen Gerats beruht. Dieses Konzept 
umfasst beispielsweise die in Fig. 1 gezeigten Komponenten 
Sender, Empfangs- und Auswerteschaltung, Koppler zur Sende- 



Empf angstrennung, Antenne und Empf angsmischer . Die Erfindung 
besteht nun darin, das gegebene Konzept, aus dem ein 
konventionelles Radar-Modul (1) resultiert, durch 
Zwischenschaltung einer Frequenzumsetzung (2) zwischen Radar- 
Modul (1) und Antenne (7) so zu variieren, dass beliebige 
Sendef requenzen erzeugt und abgestrahlt werden konnen. Die 
unveranderte Ausgangsf requenz eines (bestehenden) Radarmoduls 
wird mittels eines local oscillator (LO) (5) auf eine 
beispielsweise hohere Frequenz umgesetzt, danach abgestrahlt, 
die Reflexion empfangen, durch die gleiche Frequenzumsetzung (2) 
wieder auf die niedrigere Frequenz zuruckgemischt und vom 
Empf anger des Radar-Moduls ausgewertet. Der Vorteil dieses 
Schaltungskonzepts ist es, dass verschiedene Versionen von 
Fiillstandradars mit unterschiedlichen Sendef requenzen aufgebaut 
werden konnen, die alle ein gemeinsames Radar-Modul mit 
standardisierter Ein- bzw. Ausgangsf requenz nutzen und sich nur 
in der Frequenzumsetzung unterscheiden . 

Dieses Burger-Patent hat mit vorliegender Erfindung nur soviel 
gemein, als es den technologischen Hintergrund unserer Erfindung 
(Fiillstandradar mit Sender, Empfanger, Koppler, Antenne) 
beschreibt. Der wesentliche Punkt unserer Anmeldung, die 
Reduzierung von storenden Antennenref lexionen durch Uberlagerung 
eines Korrektursignals, ist bei Burger noch nicht einmal als 
Problemstellung geschweige denn als Losungsansatz erwahnt. 

Das Murphy-Patent ( US 6,181,791) beschreibt, wie in einem 
Kommunikationssystem zur bidirektionalen Dateniibertragung 
(beispielsweise zwischen einem PC und einem Internet Service 
Provider) unerwunschte Empf angssignale eliminiert werden (s. 
Spalte 4, Z. 46-49). Diese unerwunschten Empf angssignale kommen 
dadurch zustande, dass ein Kommunikationsteilnehmer , 
beispielsweise der PC mit eingebautem Modem, ein starkes 
Sendesignal erzeugt, welches durch Leitungs-Fehlanpassung der 
Ubertragungsleitung (Telef onnetz) teilweise reflektiert wird und 
im Empfanger als Storsignal erscheint. Zur Unterdruckung dieses 
Storsignals wird vorgeschlagen, einen Teil des erzeugten 
Sendesignals einem dif f erenzbildenden Empf angsverstarker (14, 
114) zuzufuhren. In diesem Verstarker wird das skalierte 
Korrektursignal vom Empf angssignal subtrahiert und somit das 
Storecho eliminiert (s. Spalte 2, Z. 66/67) 
Die Skalierung des Korrektursignals wird den Gegebenheiten 
angepasst, indem beispielsweise vor der eigentlichen 
Kommunikation uber ein Testsignal eine moglichst gute 
Storechoausloschung ermittelt wird. 

Die Bildung des skalierten Korrektursignals geschieht durch 
Zufuhrung des Sendesignals auf eine Einrichtung zur 
Spannungsskalierung . Dies kann beispielsweise ein fester oder 
einstellbarer Spannungsteiler sein. Der einstellbare 
Spannungsteiler besteht beispielsweise aus einem 



Widerstandsnetzwerk mit Schaltern zur Einstellung des 
gewunschten Spannungsteilungs-Verhaltnisses (s. Fig. 3) 
In einer anderen Ausf iihrungsf orm der Erfindung wird das 
Korrektursignal dadurch gebildet, dass eines aus einer Auswahl 
an digital gespeicherten Korrektursignalen ausgesucht und liber 
einen D/A-Wandler dem dif f erenzbildenden Verstarker zugefuhrt 
wird (s. Fig. 4) . 

Alternativ zur Auswahl aus einer gespeicherten Palette an 
Korrektursignalen kann liber die Aussendung eines Testsignals und 
Auswertung des zugehorigen Empf angssignals das 
Ref lexionsverhalten der Kommunikationsleitung ermittelt und 
darauf angepasst ein Korrektursignal berechnet werden. (Spalte 8 
Z. 7-28) 

Obwohl Murphy die Unterdruckung unerwiinschter Empf angssignale 
durch Uberlagerung mit einem intern erzeugten Korrektursignal 
beschreibt, bestehen doch grundlegende Unterschiede zu 
vorliegender Anmeldung hinsichtlich des technischen Hintergrunds 
und der technischen Umsetzung dieses Grundgedankens . 
Vom technischen Hintergrund her hat eine drahtgebundene 
bidirektionale Kommunikation wenig mit einem Messgerat zur 
Messung der Laufzeit von ref lektierten Wellen zu tun. 

Selbst wenn die Lehre dieser oben genannten beiden Schriften 
kombiniert wurde, ergibt sich nicht die von uns beanspruchte 
Erfindung, denn Murphy erzeugt das Korrektursignal entweder 
direkt durch Skalierung des Sendesignals oder durch Berechnung 
auf Basis von gemessenen Testsignalen . Die Eliminierung des 
Storsignals geschieht bei Murphy immer durch Dif f erenzbildung in 
einem Dif f erenzverstarker (14, 114). 

In vorliegender Anmeldung wird vorgeschlagen, das 
Korrektursignal durch eine Antennennachbildung zu erzeugen. Aus 
der Beschreibung ist ersichtlich, dass eine blofie Skalierung wie 
bei Murphy hier nicht ausreichend ist. Deshalb ist in unserer 
einen Ausf Iihrungsf orm auch nicht ein Widerstandsnetzwerk aus 
reellen Widerstanden wie bei Murphy sondern aus komplexen 
Widerstanden beschrieben. Nur dadurch lasst sich das komplexe 
Ref lexionsverhalten der Antenne uberhaupt nachbilden. Die 
Nachbildung uber eine reale baugleiche zweite Antenne ist bei 
Murphy ohnehin, auch nicht im ubertragenen Sinn, zu finden. 
Die Uberlagerung der Signale im Koppler ist ebenso wenig in 
Murphy zu finden. Auch aus dem Burger-Patent lasst sich nicht 
herleiten, wie der dort zur Sende-Empf angstrennung benutzte 
Koppler zur Uberlagerung von ungewollten Empf angssignalen und 
erzeugten Korrektursignalen verwendet werden konnte. 



[0005] It is the object of the present invention to present a 
transceiver unit of the aforesaid type, which enables the 
generation of an echo signal with no or very little 
interference, even with a narrow distance between the antenna 
and the object reflecting the echo. 

[0006] The foregoing object is achieved with an inventive 
transceiver unit. An antenna simulation is connected to the 
transmitter having received the signal via a coupler. The 
coupler supplies a correction signal in proportion to the echo 
signal and superimposes the correction signal and echo signal so 
that the correction signal and interference echo signal cancel 
out each other. 

[0007] Within the meaning of the invention, the antenna may be a 
antenna emitting the wave into the free vicinity, for example a 
horn antenna, parabolic, planar antenna, rod radiator, or a 
dialectic rod radiator. In addition, the antenna may also 
represent a coupling on wave guides. This, for example, can be a 
coupling on a coaxial probe, single-wire line, two-wire line, or 
wave guide. 

[0008] In the first inventive design, which is particularly easy 
to realize, the antenna simulation is a second antenna, which is 
so placed that it radiates in an absorber. It is quite obvious 
that such a second antenna, with a design corresponding to the 
acquisition antenna, provides exactly the same reflection- 
conditional interference echo signal in the antenna. Because the 
absorber does not reflect the echo signal, the echo signal 
transmitted by the antenna simulation exclusively consists of 
the unwanted echo signal. By subtracting said signal from the 
echo signal in the coupler, which is supplied by the acquisition 
antenna, the pure effective echo signal is isolated. 

[0009] In particular, if the acquisition antenna is used 
exclusively in an acquisition volume, this design may be 
advantageous in that the immediate vicinity of the acquisition 
antenna at the antenna simulation is to be so reproduced that, 
for example, echo paths reflected by the container walls 
adjacent to the acquisition antenna, which do not correspond 
with the echo of the objects to be acquired, are reproduced in 
the signal of the antenna simulation and, thus, can be deleted 
in the coupler. 

[0010] If the reflection coefficients of the wave resistance 
discontinuities of the acquisition antenna and the antenna 
simulation are similar, for example, if both antennas are of 
similar design, it is appropriate if the transceiver unit 
comprises a power splitter for distributing the sampled signals 



with respectively equal power to the acquisition antenna and to 
the antenna simulation. In this case, the amplitudes of the 
unwanted echo signal and the correction signal respectively are 
equal, so that the correction signal and the echo signal can be 
superimposed without using correction factors in order to delete 
the unwanted echo signal, 

[0011] As a result of the second embodiment, the antenna 
simulation is a network of complex resistors. In one of said 
networks, the individual discontinuities of the wave resistance 
of the acquisition antenna are simulated by elements of complex 
resistors. Their values can respectively be so selected that 
they are in a fixed proportional ratio to the reflection 
coefficients of the discontinuities of the acquisition antenna, 
in which the proportional factor is largely freely selectable. 
This design allows, among other things, the generation of the 
individual echoes of the compensation signal respectively which 
are 180° out of phase to those of the unwanted echo signal, so 
that a compensation of the unwanted echo signal can be effected 
by a simple additive heterodyning. 

[0012] As with the second design, the reflection coefficients of 
the antenna simulation, for example, can be selected as a 
greater value than that of the acquisition antenna. It suffices 
if the first is provided with a smaller fraction of the 
transmission power than the acquisition antenna in order to 
receive a correction signal with an intensity which suffices to 
suppress the unwanted echo signal. 

[0013] If the echo signal is a high-frequency radio signal, it 
may be desirable that between the acquisition antenna and the 
coupler, or between the acquisition simulation and the coupler, 
a mixer for converting the echo signal respective correction 
signal is supplied on a lower intermediate frequency, in order 
to use a coupler of a simpler design. 

[0014] In particular, the coupler may have the structure of a 
wave guide ring with four connections which respectively are 
interconnected by wave guide sections, the length of which 
corresponds to one-quarter of the wavelength of the sampled 
signal. The acquisition antenna and the simulation are connected 
to adjacent connections, in order to achieve an in-phase 
opposition heterodyning of the echo signals and the compensation 
signal solely as a result of the signal propagation time on the 
intermediate wave guide section. The transmitter and receiver 
may be connected jointly to a connection adjacent to the 
connection of the acquisition antenna or the simulation. 

[0015] Further characteristic features and inventive advantages 
result from the following description of examples in reference 



to the included figures. Of the figures: 

[0016] FIG. 1 shows a block diagram of transmitter or receiver 
unit according to the first inventive embodiment; 

[0017] FIG. 2 shows an antenna and antenna simulation for an 
inventive transceiver unit; 

[0018] FIG. 3 shows an antenna simulation according to the 
second inventive embodiment; 

[0019] FIG. 4 shows a variant in which a conversion of the echo 
signal and correction signal occurs on an intermediate 
frequency; 

[0020] FIG. 5 shows an assembly of a power splitter usable in 
one of the embodiments of FIG. 1; and 

[0021] FIG. 6 shows an antenna simulation according to an 
additional inventive embodiment. 

[0022] By means of a block diagram, FIG. 1 illustrates the 
principle of the invention. A transmitter 1 is connected via a 
directional coupler 3 with a power splitter 4, which divides the 
power of the transmitter 1 in equal parts to an antenna 5 and 
antenna simulation 6. The antenna 5 transmits the high-frequency 
signals supplied by the transmitter 1 at an acquisition volume 
of which a fraction of the emitted transmission power is 
reflected as an echo by the objects to be acquired and collected 
by the antenna 5. In the antenna 5, said echo signal is 
heterodyned with an unwanted echo signal, which is created by 
reflections of the transmission signal at the points of 
discontinuity of the wave resistance within the antenna. The 
thus resulting unwanted echo signal is returned by the power 
splitter 4 to the directional coupler 3. 

[0023] A second part of the sample signal is fed from the power 
splitter 4 to the antenna simulation 6. The antenna simulation 6 
may be a second antenna, which essentially is similar in design 
to the antenna 5 as illustrated in greater detail in FIG. 2, or 
a network as illustrated in greater detail in FIG. 3. The 
antenna simulation 6 returns a correction signal to the power 
splitter 5, which is composed of a plurality of contributions, 
which are characterized respectively by a time delay with 
respect to the signal, an amplitude, and a phase. Delay and 
amplitude respectively correspond to the contributions of the 
unwanted echo signal in the echo signal of antenna 5; the phases 
are displaced respectively by 180° towards the unwanted echo 
signal. As a result of the additive heterodyning in the power 
splitter 5, the respective contributions of the correction 



signals and the unwanted echo signals delete each other, and the 
signal transmitted by the power splitter 4 and the directional 
coupler 3 essentially only contains the echoes of the objects in 
the acquisition volume to be acquired. 

[0024] The directional coupler 3 feeds the corrected echo signal 
to the receiver 2. The transmission paths from the transmitter 1 
to the power splitter 4 and from the power splitter 4 to the 
transmitter 2 are severely attenuated compared with the 
transmission path from the transmitter 1 to the receiver 2 via 
the directional coupler 3, so that the signal to be processed in 
the receiver 2 essentially consists of the echo signal. The 
remaining parts of the sampled signal of the transmitter 1, 
which, in the case of an incomplete attenuation of the direct 
connection, reach the receiver 2 via the directional coupler 3, 
clearly arrive much earlier at said coupler than the echo signal 
and, therefore, can be suppressed by a filtering in time. 

[0025] FIG. 2 illustrates the principle described by means of 
FIG. 1, in which the simulation 6 contains a second antenna 
which is identical in design to the antenna 5. The acquisition 
antenna 5 is placed on a tank which is partially filled with 
fluid, in which the inside of the tank represents the 
acquisition volume 8 and the fluid 9 in the tank represents a 
target object. In addition to the echo of the liquid 9 level, 
the echo signal received by antenna 5 contains portions 
generated by the reflection from discontinuities generated in 
the antenna 5 itself, as well as an echo from the rear of the 
parabolic reflector 10 which serves to bundle the scanning 
signals transmitted by the antenna 5 in the direction of the 
fluid level. The reflector 10 is no longer necessarily 
conductively connected with the antenna 5, but may also be 
considered as part of the antenna 5. 

[0026] The antenna simulation 6 is similar in design to the 
antenna 5, and like said antenna it is equipped with a reflector 
10 and emits in an absorber 11. Said absorber 11 may be 
electrically conducting material of low density, such as a metal 
or graphite-containing foam, the surface of which only reflects 
a negligible echo, and which absorbs the signal emitted by the 
antenna simulation 6 in its interior. Based on the similarity in 
design to the antenna 5 and simulation 6 and the reflector 10, 
the two supplied signals merely differ by the portion of the 
surface of the fluid 9. By selecting the path lengths from the 
power distributor 4 to the antenna 5 or to the simulation 6, 
each differing by one-quarter of the wavelength of the sampled 
signal, one achieves an overlapping in opposite phase of the 
echo signals transmitted by said antennas at the power splitter 
4 and thus only the effective signal part, the echo of the 
liquid level, is passed on. 



[0027] FIG. 3 illustrates a realization of the antenna 
simulation 6 in the form of a network. The network shown in FIG. 
3 encompasses a plurality of elements with complex resistors Zl 
through Z6. In practice, it has been proven that the complex 
resistors Zl and Z6, in part or in whole, can be replaced by 
real ohmic resistors. The adjustable resistors are used 
advantageously in order to balance the network with the antenna. 
Consequently, this enables to adjust the amplitude of each 
individual contribution of the correction signal supplied by the 
simulation 6 to the echo signal of the antenna 5. The individual 
complex resistors Zl, Z2 . . . are separated by wave guide 
sections with lengths LI, L2, which respectively correspond to 
the distances between the points of discontinuity of the wave 
resistance in the antenna 5. The wave guide sections LI and L2, 
for example, can consist of coaxial wave guides or wave guides 
in strip transmission line technology. Furthermore, the 
impedance jumps of the antenna simulation may also be generated 
by use of lines with the corresponding impedances. As a result, 
one receives a chain of several line sections, and one is able 
to dispense with the use of discret components. 

[0028] In principle, this embodiment may have a random division 
ratio of the power splitter 4. In order to have the greatest 
possible power of the transmitter 1 for the actual measuring, it 
is preferred that the portion of power, which is transmitted to 
the antenna 5, make up more than 50% of the transmitter power. 
By correspondingly adjusting the values of the complex resistors 
Zl, Z2, . . . , the reflectivity of the antenna simulation can 
be adjusted, and thus it can be ensured that the amplitudes of 
the individual portions of the correction signal and the 
unwanted echo signal respectively are opposite and equal and 
thus cancel out each other at the power splitter 4. 

[0029] FIG. 4 shows a modification of the principle shown in 
FIG. 1, in which the positions of the directional coupler and 
the power splitter are interchanged. In this case, the output of 
the transmitter 1 is directly connected to an input pi of the 
power transmitter 4; the outputs p2, p3 of said transmitter 
respectively are connected to directional couplers 3a, 3b, which 
input the high frequency signal of the transmitter 1 to the 
antenna 5 respective the simulation 6, The echo or compensation 
signals received from the antenna 5 or the simulation 6 
respectively are input via the directional couplers 3a, 3b to 
the two mixers 13a, 13b, where, by being mixed with an 
oscillation supplied by an oscillator 14, said signals are 
converted into an intermediate frequency which is sufficiently 
low to be processed in a subtractor 15, which performs the 
signal heterodyning function of the power splitter 4 of FIG. 1, 
The echo signal, which is separated from its unwanted echo part 



by the subtraction in the subtractbr 15, then is input to the 
receiver 2. 

[0030] Unlike the directional coupler 3 of FIG. 1, the 
directional couplers 3a, 3b do not require a strong attenuation 
of the direct connection from the power splitter 4 to the mixer 
13a or 13b. Since the signal portions directly passing through 
the directional couplers potentially are identical, they cancel 
out each other in the subtractor 15. 

[0031] FIG. 5 shows an example of a power splitter, which, in 
the case of an adequate narrow-bandwidth signal can be used as 
the power splitter 4 in the embodiment of FIGS. 1 and 4. Said 
coupler concerns a 90° hybrid coupler comprising four 
connections, 16a, 16b, 16c, 16d, connected to a wave guide ring, 
which comprises wave guide sections 17a, 17b, 18a, 18b. The 
lengths of these four wave guide sections respectively 
correspond to a quarter of the median wavelength of the signal 
in the wave guide sections, the transmitter 1, and receiver 2 
are connected to a first connection 16a, appropriately via a 
directional coupler 3, as shown in FIG. 1. Two antennas 5 or the 
simulation 6 are connected to two connections 16b, 16c, which 
are connected by the wave guide section 18b. The fourth 
connection 16d is terminated with a resistor. The wave 
impedances in the feed lines from the connections to the 
transceiver, to the antenna, the simulation, or the resistor 
respectively have a similar value Z; the wave impedance of the 
wave guide sections 18a, 18b is Z*{square root over (2)} that of 
17a, 17b Z/{square root over (2)}. With this configuration, the 
signal fed by the transmitter 1 is split into equal parts and 
attenuated by 3 dB on the antenna 5 and the simulation 6. At the 
connection 16b, which is assigned to the antenna, a phase shift 
of -90° occurs in relation to the connection 16a of the 
transmitter; at the connection 16c of the simulation, a shift of 
-180° occurs. At the connection 16, the signal is deleted. At 
the connection 16a, the echo signal from the antenna 5 and the 
correction signal from the simulation 6 have a 180° phase 
difference, so that the correction signal destructively 
heterodynes the unwanted echo signal. The attenuation for the 
echo signal and the correction signal respectively is 6 dB, so 
that the unwanted echo signal essentially is completely 
compensated. 

[0032] Reflections of the antenna 5 and the simulation 6 are 
added at the connection 16d. In order to prevent reflections at 
this point, this port of the coupler, therefore, must be closed 
with wave impedance Z. 

[0033] The wave impedances of the individual wave guide sections 
17a, 17b, 18a, 18b may also be selected in deviation from the 



specified values, in order to* achieve an uneven distribution of 
the transmission power to the antenna 5 and the simulation 6. 

[0034] This is most practical with a circuit simulation of the 
antenna, as described in reference to FIG. 3, the reflexivity of 
which can be selected higher than that of the antenna 5. 

[0035] According to an inventive embodiment shown in FIG. 6, the 
transmitter 1 can be connected at the connection 16a of the 90° 
hybrid coupler 19. The receiver 2 is located at the connection 
16d, the antenna 5 at 16b, and the simulation 6 at the 
connection 16c, in which a phase rotation unit 20 must be 
additionally effected by 90° between the connection 16c and the 
simulation. Therefore, at the connection 16a (transmitter) it 
results in an addition of the reflections from the antenna and 
the simulation and at the connection 16d (receiver) in a 
compensation of the reflections. With this configuration, no 
additional coupler or power splitter is required apart from the 
90° hybrid. 

[0036] If, instead of a simulation, a complex conjugated 
simulation (180° rotation) is used, one is able to dispense with 
the 90° phase shift 20. When using a direct antenna simulation, 
the displacement of 90° must also be taken into consideration 
when adjusting the lengths of the wave guide to the antenna and 
the simulation, which also must be performed in any case. 



